Objectives: To determine the prevalence of metal contact allergy among the children seen at a health center and to characterize children with metal allergies in terms of risk factors.
Introduction
Several different studies have shown that metals are the most common contact sensitizers in children, particularly to nickel. [1] [2] [3] [4] Recent data have shown that the prevalence of nickel allergy has increased in industrialized nations. 5 Fashions and lifestyle exert a considerable influence over emergence of this sensitization. Nickel contact dermatitis was originally considered to be an occupational dermatosis, but began to affect the general population when the metal began to be used in the manufacture of products such as zippers, suspenders and jewelry. 5 It is now known that wearing jewelry, particularly earrings fitted at an early age, is associated with increased nickel sensitivity. 6, 7 Sensitization may take place at any age, including in newborn infants, 8 and generally has a negative effect on patients' lives, including in terms of occupational opportunities.
The proportion of reactivity varies in accordance with the way in which the population tested is selected. One meta-analysis observed contact allergy prevalence rates among the general pediatric population of 8.3% for nickel, 1.9% for cobalt and 1.5% for chrome. 9 Ear piercing as a risk factor for contact allergy to nickel Marilda H. T. Brandão, 1 Bernardo Gontijo, 2 Marcela A. Girundi, 3 Maria C. M. de Castro 3 Once sensitization has been detected, patients are advised to avoid contact with objects that contain the metals to which they are sensitive. However, many children and adolescents find it difficult to follow this guidance since nickel, the metal to which sensitization most frequently occurs, is used in many different products, including fashion clothing.
Reviewing the literature, we observed that few studies have investigated contact sensitization in unselected (healthy) pediatric populations. Published results from children are from patients with suspected contact dermatitis.
The fact that a contact test reveals sensitivity to a given allergen does not necessarily mean that contact dermatitis is present. 10 A search of the literature did not locate any descriptions of contact sensitization in asymptomatic Brazilian children.
The primary objective of this study was to determine the prevalence of metal contact allergy among children seen at a health center. A secondary objective is to characterize the subset who have metal allergies in terms of risk factors.
Patients and methods

Study design
This was an uncontrolled cross-sectional study 
Study population
We recruited children aged from 0 to 12 years who presented at the health center of Cachoeirinha, Brazil, for pediatric consultations and whose guardians gave permission to participate. Children were excluded if they had active cases of dermatitis on their backs (which is where the test would be performed), if they had infectious febrile diseases (since there is a chance that exanthema could interfere with interpretation of the results), if they had taken systemic corticoids during the previous month, had immunodeficiency diseases or had suffered intense exposure to the sun during the previous 15 days. The Cachoeirinha health center is part of Belo Horizonte's northeast healthcare district and has a population of 274,060 inhabitants; 42.74% of whom have a monthly income of between one and three times the minimum monthly wage. 11
Contact tests
All patients enrolled on the study were tested with 5% nickel sulphate in solid petroleum jelly, 1% cobalt chloride in solid petroleum jelly and 0.5% potassium dichromate in solid petroleum jelly (FDA Allergenic, Rio de Janeiro, Brazil). 
Statistics
It is estimated that 8.3% of the pediatric population is sensitized to nickel. 9 Since this is the most prevalent sensitization, we used this figure for the sample size calculation. Adopting a margin of error of 5% and a 95% confidence level, the minimum sample size was 138 patients. 14 Since losses were to be expected, 162 children were enrolled on the study. 
Results
Descriptive analysis of the sample
A total of 162 children were tested and 144 of them Table 1 .
Univariate and multivariate analysis
Factors associated with a reaction to chrome
The comparisons between the chrome test results and other variables of interest are given in Table 2 . It will be observed that children without atopic dermatitis were less likely to react to chrome than those with atopic dermatitis (p = 0.072 and OR = 0.2). There was no difference in age between those who reacted and those who did not (p = 0.791). The mean age in months of children who did react was 71.9 with an SD of 58.4 and a median of 90.8.
Factors associated with reaction to cobalt
The comparisons between cobalt test results and other variables of interest are given in Table 3 . It will be observed that children without family atopic disease were more likely to react to cobalt than those whose families 
Factors associated with reaction to nickel
The comparisons between nickel test results and other variables of interest are given in Table 4 Ear piercing and nickel allergy -Brandão MH et al.
Discussion
Comparisons with published data are compromised by methodological differences, such as sample population selection and the concentrations of each allergen tested.
Marcussen was the first to test unselected children in Denmark in 1963. Testing of 191 hospitalized children aged from 0 to 10 years of age found that 29% were positive for reactions to 5% nickel sulphate at the 48-hour reading. 16 Weston et al. tested 314 healthy child volunteers aged 6 months to 18 years, finding that 7.6% were positive for chrome at the 72-hour reading, 24 hours after the test had been removed. 1 to 120 hours demonstrated positive reactions to nickel in 11 children (12.9%) and to cobalt in one child (1.2%), but no children reacted to chrome. 18 The majority of the children who had reactions to nickel were girls (69.0%) with pierced ears.
Several different researchers have shown that sensitization to nickel is associated with wearing earrings.
The instruments used to pierce ears are generally made from stainless steel, which has a low allergenic potential and are probably not the cause of sensitivity, which is probably caused by the studs put in after piercing. 7 6 It appears that the risk of allergy increases with the number of piercings in the ear lobes 7 and when piercing is performed before 20 years of age. 21 Rystedt & Fischer observed that 24 of 109 women with ears that had been pierced before they were 20 years old had nickel allergy against six out of 69 women with ears pierced after they were 30 years old (p < 0.05). 21 Possible reasons are that young people use cheaper jewelry and the fact that the ear-piercing environment in the ear lobe is closed and humid, making irritant dermatitis more likely, which in turn encourages sensitivity. 21 24 Occasionally, people may truly have an allergy, but still exhibit a negative reaction to the contact test. 19 Other possible causes are irritant cutaneous reactions of allergies to other metals, such as palladium. 24 Although 5% nickel sulphate can produce irritant reactions in children, we observed just three such reactions (2.1% of the children tested). This observation is shared by other authors who did not observe irritant reactions to nickel at this concentration in children. 4, 25 No serious side effects were detected either and the contact test
was safe for the population tested.
The majority of studies do not detect a significant association between atopic disease and reactivity to metals, 6, [26] [27] [28] which is comparable to our observations.
In conclusion, although ear piercing is probably not the only cause of sensitization to nickel, in the sample studied here it was the only covariable that exhibited a significant association. In view of the current trend for nickel allergies to increase, parents should be warned about the association with ear piercing. Further studies are needed to determine the ideal age for ear piercing and the ideal materials for earrings., which could impact on the incidence of nickel contact allergic dermatitis in the general population.
